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第一部分：18F-FLT 和 18F–FDG 评价食管癌细胞照射后超早期生物学
反应的实验研究 
    背景及目的 







18F-FLT 在肿瘤的诊断及疗效评价方面比 18F-FDG 可能更具有特异性，迄今很少
见于食管癌研究。本研究通过体外对食管癌细胞进行不同剂量 X 射线照射并检
测癌细胞对 18F–FDG 和 18F–FLT 摄取率的变化，探讨两者能否监测及何者能更
好地反映食管癌细胞照射后早期生物学反应，为应用于临床早期评价食管癌放
疗疗效提供依据。 
    方法 
    将处于对数生长期的食管癌细胞分别给予 5、10、15 Gy 剂量单次照射，设
0 Gy 对照组。照射后 2、4、8 h 分别检测细胞对 18F-FDG 和 18F-FLT 摄取率的变
化。同时检测细胞在接受 5、10、15 Gy 剂量照射前及照射后 2、4、8 h 的细胞
相对存活率和 ATP 表达情况的变化。数据用 x±s 表示，组间比较用单因素方差
分析(one-way analysis of variance)，示踪剂摄取率与 ATP 浓度进行 Pearson 相关
性分析。 
    结果 
    5 Gy 照射后 2、4 h，细胞对 18F-FDG 摄取率与对照组相比分别减少了















摄取率却增加了 26.5%(t=3.04，P<0.05)，余照射组对 18F-FDG 摄取率均有明显
减少（F=25.75，P<0.01）。5 Gy 照后 2 h，18F-FLT 摄取率（3.65%±0.41%）
与对照组（4.00%±0.42%）相比，差异无统计学意义（P>0.05），余照射组对
18F-FLT 摄取率与对照组均有明显减少(F=33.93，P<0.01)。在 5、10、15 Gy 照
后 2、4、8 h，细胞相对存活率差异无统计学意义(P>0.05)。经不同剂量照射
后，细胞对 18F-FLT 摄取率与 ATP 浓度之间的相关性（r=0.887,P<0.01）优于
18F-FDG 与 ATP 浓度之间的相关性(r=0.622,P>0.05）。 
     结论 
         18F-FDG 和 18F-FLT 两者均可反映食管癌细胞照射后超早期生物学反应，
18F-FLT 可能比 18F-FDG 更能较好地反映食管癌细胞照射后超早期生物学反应。 
     关键词：脱氧葡萄糖；氟脱氧胸腺嘧啶；食管癌细胞 
 
第二部分：18F-FLT PET 评价食管癌模型照射后早期生物学响应的实
验研究      
     背景及目的 




合成需要 TK-1 上调，18F–FLT PET 通过反映 TK-1 的活性而间接反映肿瘤细胞





其进一步应用。目前，应用 18F-FLT PET 在食管癌放疗后疗效评价方面的研究较
为少见。本文通过监测 18F-FLT PET 在食管癌动物模型中照射前、后摄取值的变















    方法 
    选取 24 只荷瘤鼠，雌雄不限，随机分成 4 组(对照组：未照射组；10 Gy
照射后 1、7 及 15 d 各一组)，每组 6 只，分别行 8F-FLT PET 显像，并测量肿
瘤对 18F-FLT 的摄取值（T/NT 值）的变化；应用免疫组化测量照射前、后瘤组
织内 PCNA 及 Ki-67 的表达。   
结果 
荷瘤鼠行 18F-FLT PET 显像，照射前瘤组织对 18F-FLT 的 T/NT 值为 2.24±
0.06，照射后 1、7 和 15 d 分别下降至 1.99±0.09，1.85±0.04 和 1.15±
0.10。与对照组相比，照射后 1、7 和 15 d 瘤组织对 18F-FLT 的摄取值分别下降
了 11.2% （ t=4.66,P<0.05 ） 、 17.4% （ t=7.38,P<0.05 ） 和 48.7%
（t=20.65,P<0.05），但照射后第 7 d 与照射后第 1 d 相比差异无统计学意义
（t=2.71,P>0.05）。免疫组化示照射前 PCNA 表达百分比为（60.3±3.6）%，
照射后第 1、7 和 15 d 分别下降至（47.5±2.1）%，（40.5±3.7）%，（35.3
±3.9）%；照射前 Ki-67 指数为（83.3±2.5）%，照射后第 1、7 和 15 d 分别
下降至（55.3±2.5）%，（41.5±3.1）%，（27.5±2.1）%，差异均有统计学
意义。相关性分析表明瘤组织对 18F-FLT 摄取值 T/NT 的变化与 PCNA 和 Ki-67 的



























Part Ⅰ： The experimental study of 18F-FDG and 18F-FLT to 
evaluate the ultra-early biologic response of esophageal carcinoma 
cells after irradiation             
Background and objective 
Esophageal carcinoma is one of the most common malignant tumors in clinical. 
Only 25% of the patients who suffer esophageal cancer can be given radical surgery 
and the others need radiotherapy.Conventional anatomic imaging modalities, such as 
X-ray computed tomography and endoscopic ultrasonography, depict cancer response 
as changes in tumor morphology,which may occur only after weeks or months 
following therapy. Thus they are not ideally suitable for early prediction of response 
in esophageal cancer.Positron emission tomography (PET), with the glucose analogue 
[18F]fluorodeoxyglucose (FDG), may reflect metabolic changes thereby overcome 
these inherent limitations in anatomic imaging. However, it may be limited in 
distinguishing proliferating tumor cells from inflammatory tissue. 3-deoxy-3-18F-
fluorothymidine (18F-FLT), a pyrimidine nucleoside analogue, has been validated in 
several in vitro and in vivo studies as a promising PET radiopharmaceutical for 
imaging proliferation and monitoring tumor response.The aim of this study was to 
compare 18F–FLT and 18F-FDG in reflecting the ultra-early biologic response of 
esophageal carcinoma cells after irradiation with different doses.  
     Methods 
     After 2, 4 and 8 h of irradiation with different doses(5, 10, 15 Gy) to the 
esophageal carcinoma cells, the uptake ratio of 18F-FDG and 18F-FLT and the relative 
survival rate and ATP levels were detected.  















     The uptake ratio of 18F-FDG decreased by 9.45% and 16.4% after 2 and 4 h of 
irradiation with 5 Gy (P>0.05). However, compared with the control group, the 
uptake ratio of 18F-FDG increased by 26.5% after 2 h of irradiation with 15 Gy 
(t=3.04, P<0.05). The other experimental groups decreased remarkably 
(F=25.75,P<0.01).Compared to the control group, the uptake ratio changes of 18F-
FLT after 2 h of irradiation with 5 Gy were not statistically significant[(3.65±0.17)% 
and (4.00±0.17)%,P>0.05].The other groups decreased notably (F=33.93,P<0.01). 
The difference of the relative survival rates of esophageal carcinoma cells after 2, 4 
and 8 h of irradiation with different doses (5, 10, 15 Gy) was not statistically 
significant(P>0.05).Line regression analysis indicated a significant high correlation 
between 18F-FLT and ATP levels(r=0.887, P<0.01) and a moderate correlation  
between 18F-FDG and ATP levels (r=0.622, P=0.055). 
     Conclusion 
     Both 18F-FDG and 18F-FLT may reflect the ultra-early biologic response of 
esophageal carcinoma cells after irradiation with different doses.18F-FLT may be 
more specific than 18F-FDG to monitor the ultra-early biologic response.  
     Keywords: 18F-Fluorodeoxyglucose ； deoxyfluorothymidine ； esophageal 
carcinoma cells 
Part Ⅱ： Monitoring the early biologic response of esophageal 
carcinoma model after irradiation with 18F-FLT PET              
     Background and objective 
       18F-3´-deoxy-3´-F- fluorothymidine (18F-FLT) is a pyrimidine analogue that, 
after uptake into the cell, is phosphorylated by thymidine kinase 1 into 18F-FLT 
monophosphate, causing intracellular sequestration of radioactivity. Thymidine kinase 
1 is a principal enzyme in the salvage pathway of DNA synthesis and express 
increased activity during the S phase of the cell cycle. 18F-FLT uptake, therefore, may 
reflect cellular proliferation. It has been proposed that 18F-FLT may be more specific 















18F–FLT PET in monitoring the early response of esophageal carcinoma model after 
irradiation.  
     Methods 
     Twenty four BALB/c nu/nu mice bearing esophageal carcinoma  were divided 
equally into four groups: (a) untreated controls; (b) 1 d after irradiation with 10 Gy; 
(c)7 d after irradiation with 10 Gy , and (d) 15 d after irradiation with 10 Gy.Tumor 
uptake of 18F-FLT(tumor-to-non tumor,T/NT) was measured before and after 
irradiation at 1,7 and 15 d.Expression of proliferating cell nuclear antigen(PCNA) and 
Ki-67 were determined in untreated and treated tumors. 
     Results 
     Tumor uptake of 18F-FLT presents a higher uptake.The 18F-FLT tumor-to-non 
tumor uptake ratio in xenografts is 2.24±0.06.The T/NT uptake ratio decreased to 
1.99±0.09,1.85±0.04 and 1.15±0.10 on 1,7 and 15 d after irradiation. Compared to the 
control group, the uptake decreased by 11.2% (t=4.66,P<0.05), 17.4% (t=7.38,P<0.05) 
and 48.7% (t=20.65,P<0.05) at 1 d,7 d and 15 d after irradiation with 10 Gy.However, 
it was no statistically significant between 1 d and 7 d (t=2.71,P>0.05).The expression 
percent of PCNA is (60.3±3.6)% in the untreated group and it decreased to 
(47.5±2.1)%，(40.5±3.7)%，(35.3±3.9)% at 1、7 and 15 d after irradiation with 10 
Gy. The labeling index of Ki-67 is (83.3±2.5)% in the control group and it decreased 
to (55.3±2.5)%，(41.5±3.1)%，(27.5±2.1)% at 1、7 and 15 d after irradiation with 
10 Gy. Linear regression analysis indicated significant correlation of 18F-FLT uptake 
with PCNA and Ki-67 expression(r=0.83,P<0.001 and r=0.88,P<0.001). 
     Conclusion 
     The uptake changes of 18F-FLT in the esophageal carcinoma tissues may 
preferably reflect the early biological response of esophageal carcinoma after 
irradiation.The result suggests that 18F-FLT may be used to monitor the early response 
of esophageal carcinoma after irradiation. Relevant clinical investigation is to be 
carried out.  
     Key words: 3′-Deoxy-3′-[18F]Fluorothymidine; esophagea carcinoma;  
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前  言 
一、食管癌治疗的现状 
    食管癌(Esophageal carcinoma)是世界上 常见的恶性肿瘤之一，自 70 年
代始，食管癌的发病率在欧美等西方国家显著上升。据世界卫生组织公布资料
显示[1]，2008 年度全世界 67 亿人口新发食管癌 48.2 万例，发病率为 7.0/10
万，居全部恶性肿瘤第 9 位；死亡 40.7 万例，死亡率 5.8/10 万，居第 8 位。
中国大陆 13.4 亿人口食管癌新发 25.9 万例，发病率为 16.7/10 万，居全国各
类恶性肿瘤第 5位；死亡 21.1 万例，死亡率为 13.4/10 万，居第 4位。 
研究表明[2]，早期食管癌无远处转移者 5 年生存率 60％，已远处转移或中
上段食管癌 5 年生存率小于 25％，平均 5 年生存率 18.1％-40.8％。由于食管
癌发病隐匿，早期症状不明显，早期诊断较困难，大多数患者就诊时已为中晚
期，部分患者为中上段食管癌，能行根治性手术治疗的患者仅占全部患者的 1
／4[3]，大多数患者需放射治疗。以放疗为主的 5 年生存率 4.3％-17.0％。对于
无法行手术治疗而只能接受放射治疗的食管癌患者，治疗后失败的首要原因为
局部复发，其次是淋巴结转移和远处转移。局部复发率在 18%-80%，淋巴结转









































有重要意义，将 PET 图像与 CT 图像进行融合，可在三维断层图像上清楚地显示
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